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Education: 
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Research Interests: 
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• Graduate Teaching Fellow with Lynn Marguns Department of 
B'Ology Boston University Boston 
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Member of Ocean Dr; I'ng^^ram Deep Biosphere ^lanrv.ng Group ~ l997-p:ese° 
Chair for the Division of Systematic and Evolutionary Biology 

American Society for Microbiology 1 990 

Chair Elect for the Division of Systematic and Evolutionary 

Biology of the American Society for Microbiology 1 ^89 



Teaching (OSU): 

P ull responsibility for Genomics ana Cellular Evolution (MB668) yearly 

Full responsibility for General Microbiology (MB302). 1 988- 1 996 alternate years 

Full responsibility for Microbial Diversity (MB420/520). alternate years 

Full responsibility for Microbial Diversity Laboratory (MB42 1 '521), alternate years 1989-1997 

• Lecturer H) m Ocean Research Frontiers (OCE333), televised on OSU Statewide 1997 1998 
Lecturer in Plant Pathogenenic Bacteria (BOT557) yearly 

Lecturer in Aquatic Ecology (FW/FR 507). 1998 

Lecturer (3) m Astrobiology Life in the Universe (HC407) 

Lecturer 1 1 ) -n Selected Topics in Microbial Ecology (MB665) 

Lecturer d-2) in Techniques in Molecular and Cellular Biology (MCB52S) year'y 

Teaching (other institutions): 

Lecturer in Microbial Diversity. The Rockefeller University. Jan., 1998 and Jan 2000 

Co-instructor in Manne Microbial Ecology, TheBermuda Biological Station for Research. July 1999 

^ecturer in Microbial Phytogeny Linkages to Processes and Biogeochemistry (Microbiology 670/470). University of 

Tennessee, Feb 1998 

instructor, Module Organizer, University of Southern California/ONR. Advanced Techniques Course Molecular Biology and 
Biochemistry of Manne Organisms. July 1992 

instructor, Marine Biological Laboratory (Woods Hole, MA) course Molecular Probes in Marine Ecology, summer. 1989 

Public Outreach. 

Advisor for American of Microbiology Public Broadcasting 
Production "Intimate Strangers, Unseen Life on Earth" 
Member of Microbial Literacy Collaborative an American Society 
tor Microbiology organization dedicated to disseminating knowledge 
about microbiology to the general public 

Graduate Training: 

Major or co-advisor for four completed Ph D s and r ive masters degrees 
Service on over 30 graduate committees 

University Service, Past Five Years: 

Spcnso r ed Seminars and Symposia 

• -'o-organ-ze- o f Center far Gene Researc h .na Botechno cgy Annual Retreat Sep: L'j-i 4 "996 

• Organized annual banquet C u a :r of Banquet Committee 1 t:hi Kappa Cr \ '99^ 

• organized Sjgihara sym.pcsium Microoiai Diversity at Oregon State ^nive'sity r eu "9^5 

• Vitiated ana organized aepar*menta ; sem-ngr se r, es mc'ud °g ,:s:t a n o semma r o, : M n ^ae r 'e r o* 
\evv England Biciabs 1996-1997 

• Organized Department cf Microbiology Summer Resea r cr izymcoS'u^ '995 
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1997 



~ r versity Committees 

• Onai r of search committee for director of tne Cente' tor Gene Research a n o Bicte'. ;:ov '999 to rj r ese~* 

• Senter fo- Gene Research and Biotechnology Aavisory Boa "J mercer and r eoreserta r ve to Research o w :e 4 zcr 




Ad-hoc Manuscript Reviews Nature Manne Ecology Progress Senes Science international Journal of Systematic 
Bacteriology Limnology and Oceanography Applied and Enviror menta 1 Mwobioiogv 
Proceedings of the National Academy of Sciences USA 

Ad-hoc Proposal Reviews: FASEB NSF 'J S Environmental Protection Agency ~ S Dept of Agriculture Australian 
Research Council 

Research Grants: 

1988 OSU Research Coun:i> Grant "Chloroplast Phytogeny by 16S Ribosomat RNA Gene Sequence Analysis " 

$4,000. 

1988- 1989 Oregon Medical Research Foundation Grant "Molecular Phytogeny of Two Protozoan Pathogens 

Pneumocystis cannn and Leishmama sp .." $10,953 

1989- 1990 National Science Foundation Grant In situ Analyses of the Distributions and Phytogeny of Cultivatable and 

Non-cultivatable Planctomycetales Using Phylogenetic Group-Specific RNA Probes ." BSR-881 8167 $110,000 

1989-1995 National Dairy Promotion and Research Board Grant; "Probes for Conserved 16S Rtbosomal RNA (rRNA) 
Gene Sequences to Isolate Lactococcus cremons from Nature. " $210 000 

199' National Science Foundation Grant In situ Analyses of the Distributions and Phytogeny of Cultivatable and 

Non-cultivatable Planctomycetales Using Phylogenetic Group-Specific rRNA Probes." BSR-9020477 $75,000 

1 991 OSU Research Council Grant: In Situ Microsome Quantification of Low-copy Number Ribosomal RNA Targets 
by SIT Camera Image Analysis," $4 000 

1991-1993 National Science Foundation Grant "Molecular Analyses of the Population Dynamics and Activity of a Newly 
jentified BactenoplanMon Group " OCE-9016373 $368 460 

1 992 Oregon Advanced Computing institute Grant "gRNAia An interactive Graphics Program for Predicting the 
Secondary Structures cf Ribcnucleic Acid Molecules " 40-0140 $ 1 9 3 1 5 

1 993-1997 Department of Energy. Ocean Margins Program Grant ' T he Dynamics of Carbon Exchange in Vertically 
Stratified Coastal Bactenopiankton Communities " FG0693ER6 1 69^ $385 '89 

.o-ntOceanograpmc Institutions G r ant 'Genet.c Ev dence for E^cm'/vc: Microbial : f e colorizing Sasa.tic 
c;iasS'Seawater mte^aces' Co- p ■ vv-th M F-sK $12 000 



995- '998 National Science *-ouncia!'or Grant Antarctic _ake ,ce iVicroD-a. O^-so^a Or- *• ^ striken ami Growth 
Pr.vsioiogy' ^P-9419423 S ^ 03 32^ to S J 3 
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Nat.cn.3: Science ^ouroation :>ant 'Evidence Endc,r. c Wcrcces Ccea n -r Basalts Zc- D .Mth • 
sk CCE-3618728 $38 350 :to S j G ■ 

\ ?fer* Science mxmda: G'a-t ' nfe p a::i?::s Between Bare xa'^tcn So'-H-u^ties and D sso .ez 
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Ocean Crust". BtS-9729672. with James Cowen fP i ; F Kemg and H P Johnson S54.381 (to S J G i 

4 998-2001 National Science Foundation Grant Time-series Responses to a Mid-Ocean Ridge Volcanic Event Juan de 
Fuca and Gorda Ridges" OCE-9902048 with James Cowen ,P I j S94 298 <\o S J G J 

'998- .999 National Science Foundation Grant Quantitative lmag:nq of the Smalles' Bactenoplankto n Cells SAR1 1 at 
the Theoretical Limits of Light Microscopy CCE-9816489 '319,500 

1999-2001 Collaborative Research on Bacterioplankton Biology and Biochemistry at the Bermuda Atlantic Time-series 
Station An Oceanic Microbial Observatory MCB-9977930 $299 990 (to S J G ) 

1999-2001 National Science Foundation Major Research Instrumentation Grant Advanced Microbe Isolation Laboratory 
OIA-9977469 $338,940 

1999- 2001 Murdock Charitable Trust Grant: Microbe Discovery by Solid State Cytometry with Fluorescent DNA Probes 

$306,730 

2000- 2002 Oregon Sea Grant Are Algicidai Bacterial Important in Controlling Phytopiankton Blooms in Oregon Coastal 

Waters? R/HAB-01 $236,564 

2000-2003 National Science Foundation Grant: Effects of Microbial Activity on Rates of Basalt Alteration With co-P I M 
Fisk OCE-0085436 $358,999. 



001 Diversa Corporation Contract High Throughput Cultunng, $75,000 

2001-2006 National Science Foundation Proposal, pending IGERT- The Earth's Subsurface Biosphere Co-PI With M 
Fisk. $2,674,860. 

Professional Societies: 

• American Society for Microbiology 

• American Association f or the Advancement of Science 

• American Society o f Limnology and Oceanography 

Peer Reviewed Articles (published, in press, submitted, or near submission, in reverse order): 

63 Cowen j S.J. Giovannoni H P Johnson F Kemg D Butterfietd M Rappe M ^utnak and P Lam Microbial activity i 
fuids f r om 3 5 m y old ocean crust Nature submitted 

62 Streamlined methoc to analyze 16S rRNA gene cicne libraries 200' Ve r gin 
K L Rappe M S and Giovannoni, S.J Biotechmques 30 938-944 

rM urDacn - * - -ergn - "^ n 9 ~ Ucse 3 ^so-anS. G:e,a-- 2C2« .n usuai oactenoplankton .n Crater 
Lake Oregon Umnoi jceancg 46 5fT-5"2 

:C -ano-l. B D 2 Carisc" and S.J. Giovannoni 22-00 Bacteria 1 cn r amosoma^ jinviq tor >n situ monitoring cf cultureo 
marine bacteria En-.Tcn Microbiol 2 6^-^6:- 

t9 Rappe M S vergm. h. and Giovannoni. S.J. 2000 ^hyiogenetjc -chansons o* a coastal bactencplanktor community 
-vith ,ts counterparts ,n open ocean and fresh , va:e r systems -E.MS W.croE) Eco> 33 2*9-232 

56 Cordon D a j o r i$cu ana SJ. Giovannoni 22;." >g " a r --n rjm T ,cge*> r r exes • v:nq r cer^arert ~".\a r :i: :axe 
■ce Microb Ecoi 39 4 9^-202 

- r -arse 1 3 Be r g rv a" 5 2a r ce n :e' 3. Giovannoni. S J. - '399 ^j-e' ; A.'TaiyS.s :* ft? Ma r ~e 2 a ■ 
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55 jrbacr. E K L verg n and S.J. Giovannoni 1 999 'T^uPOcnermcai detects ana isolation of DNA f rom metabolicahy 
active bacteria Appl Environ Microbiol 65 1 207— 2" 3 

54 McAshan SK KL Vergin S. J. Giovannoni and D S Thaler '999 ! nte r soeoes hybridization t h e Enterococo via 
conjugation of c n romosoma! vancomycin resistance Microb Drug 
Resis 5 101-1 ^2 

53 Mauel, M.J. S.J. Giovannoni and J L Fryer 1999 Phylogenettc analysis of Pisanckettsia saimonis isolates by 16S 
ribosoma! DNA sequencing. Dis. Aquat Org 35 1 1 5*1 23 

52 Rappe, M S . D A Gordon. K L. Vergin. S.J. Giovannoni 1999 Phylogeny of Actinobacteria-related SSU rRNA gene 
:iones recovered f r om marine bactenoplankton Syst Appl Microbiol 22 106-112 

5 1 - Suzuki. M MS Rappe, and S.J. Giovannoni 1998 Kinetic bias in estimates of coastal picoplankton community structure 
obtained by measurements of SSU rDNA . PCR-amplicon length heterogeneity Appl Environ Microbiol 64 4522-4529 

50. Fisk.M R S.J. Giovannoni and I Thorsetn 1998 Alteration of oceanic volcanic glass textural evidence for microbial 
activity Science 281 978-980 

49 Vergin. K , E Urbach, J L Stem. E. F DeLong and S. J. Giovannoni 1998 Screening of a fosmid library of marine 
environmental genomic DNA fragments reveals four clones related to Planctomycetales. Appl Environ Microbiol 64 3075- 
3078 

48 Urbach. E.. C Schindler and S.J. Giovannoni 1998 A PCR fingerprinting technique to distinguish isolates of Lactococcus 
iactis FEMS Microbiol Let 162.111-115 

4T Rappe. MS, M Suzuki, K L Vergin. S.J. Giovannoni 1998 Phylogenetic diversity of ultraplankton plastid SSU rRNA 
genes recovered in environmental nucleic acid samples from the Pacific and Atlantic coasts of the United States Appl Environ 
M-crobicI 64 294-303 

4r- Pnscu J CH Fntsen E Adams S.J. Giovannoni H Paert C McKay D Gordon and B Lanoi! 1998 p ereni3i 
Antarctic: lake ice an oasis for life in a polar desert Science 280 2095-2098 

V; Wright T D K '■ergin.P Boyd and S.J. Giovannoni 1997 A novel c ; -ProteoDacterial lineage from the lower ocean 
surface layer Appi Environ Mic r obioi 63 983-989 

44 Lanoi' B C and S.J Giovannoni 1 99~" deniificafcn o f bactena : :e !: s hv ^ r omoscma! paint ng Ape; Environ 
Mrrobiol 53 n 8--1 23 

43 Suzuki M M S Rappe ZvV Haimberge r h Wsnfieid N Adai' . Sfcce a".: S.J. Giovannoni 1 99^ Bacterial diversity 
among SSU rDNA gene clones ana cellular clones Tom tne same seawate r saT'e Add ! Environ Wrobic -3 983-989 

42 ^roacr, E B Dan;eis M 3 Salama .V E Sanai.ne and S.J. Giovannoni ' <dn pnyeqeny <o r environmental 
sc-ates o* ^actcccccus ;actis s crns'Stem* ;vitn f ^e r RNA genotypes [\i\rc\ a ?r r-erotvoes Appi E n v"on MiaoDio 1 63 694- 



4' -'eid * 3 \ A^;vr DA Scrac 1 V 5 Rappe ana S.J. Giovannoni '99 Jenet.c c:. ersitv ana aen:n-scec ,f ic 
•. ; :;e: ation ,v tnn Te SAR 4 4 caster a marr-e ba:ter.a! -neaae Apn E"v v 7 *vx:c -3 63-" ~ 

49 Rapoe MS - L r.emo ana S.J. Giovannoni '99" -"y cge^ev: :-ve r s-tv r ma-~e :oas:a- c :coa n *'.:"- *6S r RN^ 
:enes ------ ~pnt n^p^ 5pe!* "*f 2 are ^at*e r is \ 7 • v- •.- * . 
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38 Lanoil B D L M C ufettn and S.J. Giovannoni 1996 " h e marine oactenum Pseuclalteromonas naiooianktis nas a 
complex genome structure composed of two separate genetic umts Genome Res 5 1 160-1 169 

37 Giovannoni, S.J. , M S Rappe < L Vergm and N Adair '996 1 63 rRNA genes reveal stratified open ocean 
bactenoplankton populations related to the Green Non-Sulfur bacter a Proc Natl Acad Sci USA 93 7979-7984 

36 Gordon D A and S.J. Giovannoni 1996 Stratified microbial populations related to Ch'wobtum and Fibrobacter detected 
m the Atlantic and Pacific oceans App! Environ Microbiol 62 1171-1177 

35 Suzuki, M , and S. J. Giovannoni 1996 Bias caused by template annealing in the amplification of 16S rRNA genes by 
PGR Appl Environ Microbiol 62:625-630 

34 Giovannoni, S.J. M R Fisk, Mullins, T D and Fumes. H 1996 Genet.c evidence 'or endolithic microbial life colonizing 
basaltic glass/seawater interfaces Proceedings of the Ocean Drilling Program 148 207-214 

33 Rappe 1 . M S Kemp P F . and S.J. Giovannoni 1995 Chromophyte plastid 16S rbosomal RNA genes found in a clone 
library from Atlantic Ocean seawater J Phycol 31 979-988 

32 Salama. M S Musafija-Jekmc, T WE Sandine and S. J. Giovannoni 1 995 An ecological study of lactic acid bacteria 
isolation of new strains of Lactococcus including Lactococcus lactis subspecies cremons Journal of Dairy Science 78:1-14 

31 Salama. S . W Sandine. and S. J. Giovannoni 1995 A milk-based method fo r detecting antimicrobial substances 
produced by lactic acid bacteria J Dairy Sci 78 1219-1223 

30 Mullins, T D.. T B Bntschgi, R L Krest, and S. J. Giovannoni 1995 Genetic comparisons reveal the same unknown 
lineages in Atlantic and Pacific bactenoplankton communities Limnol Oceanog 40 148-158 

29 Salama. S , W. Sandine, and S. J. Giovannoni. 1993 Isolation of Lactococcus lacvs subsp cremons from nature by 
colony hybridization With rRNA probes Appl. Environ Microbiol 57 1313-1318 

28 Lovley, D R S. J. Giovannoni D C White. J E Chamoire. E Phillips. V A Gorby. and S Goodwin 1993 Geojbacfer 
metalhreducens gen nov sp nov . a microorganism capaoie of coupling the complete oxida'ion of organic compounds to the 
reduction of iron and other metals Archive Microbiol 1 59 336-344 

27 Gary S C and S. J. Giovannoni ' 993 Transovarial inheritance of endos/mDiOtic bacteria in deep-sea vesicomyia ciams 
t'roc. Natl Acad Sci USA 90 5695-5699 

.6 Gary S C W Warren E Anderson and S. J. Giovannoni 1993 : dentificai::r c rc ■ocaiization of Dac'ena. 
endosymbionts in hydrothermal vent taxa with symbiont-specific PGR amplification and -n situ hybridization tec^maues Vn. 
Mar Biol Biotech 2 251-262 

.5 uesach W R Soner " Stewart h ^aas S. J. Giovannoni and E StacKeDra^o: 4 992 "re -nfluence o' tachytenca-.iv 
'ao!d!> ) evo : v.ng sequences on the toooiog > of chyiogenetic : r ees -mrafam.iy re^ur-smcs and the nnycgenetr costo- r re 
; ''anct:mvcetaceae as revealed Dy comparative anaiys.s of 4 63 ^ojsc^a- SNA ^ec-e^ces "ys'e^ Ajyv • '■-^o^i ^ — 

-62 

24 Lane L\ A P ~.v s >r y. j -\ r B D ace S. J. Giovannoni G o Oisen .r\! \ R p ace '992 E;o^o r \r\ 
-eiationships among sulfur- and iron-oxiChzing eubactena J Bacteno! 4 74 ( n 269-2^ c ' 

2? -ryer j L G N ^annan S. J. Giovannoni ana N G .Vcoa " 992 r!senc*e"Zia sa-rr-cn.s ^ \\ 
:aL,sa:ive aqe^ o' an er ::c':C asease - samomj r isnes „ Sys Bactenoi 42 '22- 4 26 
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20 Saiama. S ;\ Sandme. ana S. J. Giovannoni 199 1 Geveiopmer: and application cf oligonucleotide proses tor 
identification of '^actococcus lactts subsp cremons Appi Envron MicroDio' 5"1313-^3 1 8 

19 Gutenberger S K S. J. Giovannoni. K G Field J L Fryer ana J 3 Rohovec 1991 A phylogenetjc comparison of the 
16S and rRNA sequence of the fish pathogen Rembactenum zalmontnarum :o Gram-positive bacteria ^EMS Microbiol Let 
7-151-156 

18 Giovannoni, S. J E F DeLong. T M. Schmidt, and N R Pace 1990 Tangential flow filtration and preliminary 
phylogenetic analyse of marine picoplankton Appi Environ Microbiol 56 2572-2575 

r Giovannoni, S. J T B Bntschgi, C L. Mover, and K G Field 1990 Genetic diversity in Sargasso Sea bactenoplankton 
Nature 345 60-63 

16 Huss. A R and S. J. Giovannoni 1989 Primary structure of the chlorco-ast small subunit nbosomal RNA gene from 
Chiorella vulgaris Nucleic Acids Res 22 9487 

4 5 Turner, S , T. Burger-vviersma. S. J. Giovannoni. L. R Mur and N R Pace 1989 The relationship of a prochlorophyte. 
Prochlorothnx hollandica. to green chloroplasts Nature 337 380-382 

#■ 

14 Weisburg W G . S J. Giovannoni and C R. Woese 1989. The Demococcus - Thermus phylum and the effect of rRNA 
composition on phylogenetic tree construction System. Appi Microbiol 1 1 128-134 

13. Bomar, D S. J. Giovannoni, and E Stackbrandt. 1988 A unique type of eubactenal 5S rRNA in members of the order 
P ! anctomycetales J Mol Evol 27 121-125 

12 Distel, D L D L Lane G J Olsen, S. J. Giovannoni B Pace N Pace D Stahi. and H Felbeck 1988 Sulfur-oxidizing 
bacteria! endosymbionts Analysis of phylogeny and specificity by I6S nbosomal RNA sequences J Bacterid 170:2506-2510 

1 V Field. K G G J Olsen. D J Lane, S. J. Giovannoni. M T Ghiselm, E C Raff N R Pace and R A Raff ^988 
Molecular phylogeny o f the anima 1 kingdom based on 18S nboscmal RNA sequences Science 239 748-753 

'0 Giovannoni, S. J.. E DeLong G J Olsen and U R Pace 1938 Phylogenetic group-specific oligodeoxynucleotide 
rrobes tor in situ microbial identification J Bacterid 170 720-726 

9 Giovannoni, S. J. ;■ Turner 3 T Olsen S Barns D T Lane and N R t: ace 1 988 Evolutionary relationships among 
cvanobactena and green chloroplasts , Bacterid 1 T 3584-3592 

8 Karl D M . G T "aylor j A Novitski H \\ jannasch C 2 , .V''se n \ R 3 a-;e 2 „ ^ane G . Olsen ana S. J. 
Giovannoni " 988 A m.crobiologicai stuav of Guymas oasm high temoe r 3ture h v3rothe r mai vents j Deep Sea Re^ 35 7 "~'- 
"91 

Giovannoni. S. J.. E Schabtacn ana R A 3as-enn:-i 4 9?" scsr r ae r a ca : ?a ::e" and co^r -io>* a g^drng bjadinq 
eucactenum trom n o f so rn gs A'-rh V erode 4 4~ 0*0284 

c Giovannoni. S. J.. 7* GoGChaux E 3cnaDtac h a n d R "A 2as!e"c: J ;0" O- »\a- ana ■ d g ce^cos ton or sospnaera 
oaiiiOa a Dudding euDactenum trcm no' sprmos „ Bacte r; c : s 39 2~j2-2T~ j 

5 Giovannoni. S. J D M ;\ara. N P Revscecn ana R A Castenhc ! r 193" St gate y ■ cnotctrconic Ct'>orofie*us canary 
oroaucticn m a n aercr : v> ct sonnq microbial mats A- :r \'>crob : o 4 4" 

4 -.erso n B * S.J. Giovannoni D ^ 

c^ototrocn-c f: a^cmc^s gi :i>ng Dactenj^ 



-:an ano ^ «, . aster v^z -*vyr r i* regonens'S ge r s? no* a 

:c -t3^ rg hacter ccn'croonv i a 7 o r ;r>0' 1 42 l64-'5"" 



Varguis. l. c S Bargncorn D Ashenaorf 3 Banerjee D Chase S ^ancis S. J. Giovannoni an:: w Stoz "960 ^ n e 
microbial community m tne layered sediments at Laguna F,gue r :a 3aja California Precam Res 1193-123 



Reviews, Book Chapters and Other Non-Peer Reviewed Publications: 

10 Giovannoni, S. J M Rappe 2000 Evolution Diversity and Mclecular Ecclogy o f Marine Prokaryotes p 47-84 in 
Kirchman D (ed ) Microbial Ecology of the Oceans John Wiley & Sons. Inc New v ork 

11 Giovannoni, S. and M Rappe' 1999 Microbial Diversity It's a New World The NEB Transcript 10 1-4 

10 Giovannoni, S. J M Rappe', D Gordon E Urbach, M Suzuki, and K. G Field 1996 Ribosomal RNA and the evolution 
of bacterial diversity p 63-85 in Roberts, D McL. Sharp. P Alderson. G and Collins V (ed ) "Evolution of Microbial Life" 
Society for General Microbiology Symposium 54 Cambridge University Press 

9 Giovannoni, S. J T Mullins. and K G Field 1995 Microbial fliversity :n marine systems rRNA approaches to the study of 
unculturabie microbes In, "Molecular Ecology of Aquatic Microbes " ed Ian Joint Spnnger-Verlag . Berlin-Heidelburg-New 
Vork-Tokyo 

8 Giovannoni, S. J and S C Gary 1993 Probing marine systems with ribosomal RNAs Oceanography 6:95-1 04 

7 Giovannoni, S. J , N Wood, and V A R Huss 1993 Molecular Phylogeny of Oxygenic Phototrophic Cells and Organelles 
f r om Small-Subunit Ribosomal RNA Sequences Pages 159-1 70 In Origins of Plastids. R A Lewin (ed ) Chapman and Hall 

NY, NY 

6 Staley, J T . J. L Fuerst, S. Giovannoni. and H. Schlesner 1 991 The O r der Planctomycetales and the Genera 
Planctomyces. Pirellula, Gemmata and Isosphaera Pages 3710-373" In M. Dworkm et ai (eds.) The Prokaryotes Volume 4. 
Chapter 203 Spnnger-Verlag, New York 

5 Giovannoni, S. J. 1991 The polymerase chain reaction Pages 177-203 in E Stackebrandt and M Goodfellow (eds ) 
Modern Microbiological Methods Nucleic Acids Techniques in Bacterial Systematics John Wiley and Sons. New York 

4 Giovannoni, S. J and R W Castenholz 1989 Genus isosphaera Giovannoni and Castenholz Pages 1959-1961 In 
Kneg. N R and J G Holt (eds ) 3ergey's Manual of Systematic Bacteriology Volume 2 Mlliams and Wilkins 
Baltimore/London 
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